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 FGF represses 
neuronal differentiation1
Somites and Retinoic Acid 
promote neuronal differentiation1,2
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Reducing Retinoic Acid signalling  
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Most of the vertebrate body axis is generated progressively and 
differentiates following a rostral to caudal maturation wave that moves along 
the embryo. Two opposing signalling molecules have been shown to underlie 
this process: Fibroblast Growth Factor (FGF) and Retinoic acid (RA). FGF, 
present at the caudal end of the embryo, is able to maintain neural and 
mesodermal cells in an undifferentiated state, while Retinoic acid, produced 
by the somites, promotes differentiation of neural tissue and regulates 
somitogenesis. Interestingly, these two signalling pathways regulate each 
other providing a mechanism that may explain their complementary and 
dynamic production. FGF represses Raldh2, an enzyme that catalyses RA 
synthesis, and therefore may impair its expression in the caudal region, 
whereas RA downregulates FGF expression ensuring that no FGF remains in 
more rostral regions. Here we propose a mathematical model based on these 
regulatory interactions. We are starting to analyse a system of PDEs that 
describe the changes in FGF and retinoic acid concentrations and to identify 
conditions that could give rise to the propagation of a travelling wave front 
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3. How are Fgf8 and Raldh2 regulated? Mutual inhibition
Raldh2, 
a retinoic acid 
synthesising enzyme 
is expressed 
by somite cells
Fgf8 is expressed 
by caudal cells 
(presomitic mesoderm, 
caudal neural plate and 
primitive streak)
Raldh2 Fgf8
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!!!!In the chick embryo, differentiation of the mesoderm (i. e. formation of somites) and 
the the neural tube (onset of production of neurons=NeuroM+cells) follows a 
rostrocaudal (head to tail) wave.
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2. How is the onset of neuron production regulated and coordinated 
with formation of somites? 
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The gene regulatory network based on the experimental results
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The system of pdes
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Two secreted signalling factors: Fibroblast Growth Factor (FGF) and Retinoic Acid (RA)  
Select slow variables (Raldh2, RAOUT, Fgf8, 
and FGF8OUT)  to simplify system to 4 pdes
Non-dimensionalise system
Numerical solution (Matlab) with zero flux 
boundary conditions:  travelling wavefront 
is possible
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4.  A mathematical model of Fgf8 and Raldh2 expression
(work in collaboration with Ruth Baker, Santiago Schnell and Philip Maini)
Cultured caudal neural plate explants do not give 
rise to neurons. In the presence of a somite or 
retinoic acid numerous neurons are generated
Vitamin A deficient 
embryos have a reduced 
number of neurons
Neural tube explants do not give rise 
to neurons in the presence of FGF
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Cultured caudal neural plate explants express 
Fgf8 but in the presence of retinoic acid , Fgf8 is 
downregulated.
Cultured caudal mesoderm explants turn on 
expression of Raldh2 but not in the presence of 
FGF .
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